The objective of this paper is to evaluate the relationship between informal risk management strategies, such as crop and nonfarm diversification, and technical efficiency of food crop producers in Cameroon. The methodology is based on (a) estimating the efficiency levels from a non parametric Data Envelopment Analysis (DEA) approach and (b) using statistics tools (Pearson correlation and mean tests) to assess the impact of diversification on efficiency. Data is obtained from tomatoes, potatoes and banana-plantain producers in 19 villages and peri-urban zones in the Center and West regions of Cameroon. Results indicate low levels of efficiency and a negative correlation between diversification practices and efficiency.
Introduction
For agricultural households either selling and/or consuming their products, food crop production activity is vital for their survival because part of this production is consumed and the surplus sold in order to meet others needs. However, the literature reveals that these households often voluntarily choose when they face risks, to abandon the objective of efficiency in favor of strategic options of safety and precaution, such as diversification (Binswanger and Sillers, 1983; Walker and Jodha, 1986; Ellis, 1988; Bromley and Chavas, 1989; Larson, Anderson and Varangis, 2004; Dercon, 2005) . According to Larson and Plessmann (2009) , the differences in the implementation of risk management strategies can explain why productivities vary across households in the same region.
Hence, this paper attempts to answer the following question: to what extent can the implementation of risk management strategies (farm and non farm income diversification) affect the realization of food safety, through its impact on the efficiency levels of farmers? The answer to this question is important within the context of food crop production in Cameroon, characterized by levels of efficiency varying between 50% and 69% in the Center (Nyemeck, 1999) and 40% and 75% in the West (Wandji, 1999; Nkendah, 2000) . Such efficiency levels suggest notable possibilities to increase production without any contribution of additional resources.
The present paper is organized as follows: we first present the literature review, and then the methodological framework and finally results generated.
Literature Review
In this section we first review analysis on diversification principles of agricultural household behavior analysis and models of choice with asset constraints in entry.
Diversification Analysis
Two forms of diversification are identified: farm diversification (or crop diversification) and farm income diversification (or diversification of activities) (Emrys and Ngau, 1991) . The difference between both diversifications is based on the nature of the activities. According to Ilbery (1991) , whereas farm diversification is located within the farm and implies primarily activities in the agricultural sphere, diversification of activities refers to income diversification coming from activities undertaken inside and outside the farm.
Two main theoretical explanations of crop diversification exist. The first one holds that crop diversification emanates from demographic pressure (Lightfoot and Eddy, 1995) . Authors such as Ruthenberg and Jahnke (1985) and Yung (1992) , attest that crop diversification constitutes a practice rooted in subsistence agriculture. Later on, Ruthenberg and Jahnke (1985) affirm that the different types of crops cultivated are dictated by taste, even if their yields are low. Consequently, diversification is often regarded as "an important means to avoid an increased dependency on a small number of agricultural productions" (Wainwright, 1994) . The second explanation conceives crop diversification as a strategy of risk minimization, in response to environmental risks (Goletti, 1999) and to economic fluctuations (Badouin, 1987; Alam, 1993; Goletti, 1999) . This behavior is aimed at decreasing the probability of an unpredictable variation of annual income (Minnis, 1996) .
According to Ellis (2000) , the diversification of activities is defined as the process by which rural households build a growing portfolio of activities and various assets to survive and improve their standard of living. Based on this definition, Niehof (2004) envisages diversification as an important strategy which makes it possible to reduce vulnerability. For Delgado and Siamwalla (1997) , the diversification of activities refers to the allocation of production assets among various income generating activities, carried out inside and out of the fields. Diversification of activities at the microeconomic level has two components (Von Braun, 1995) . On the one hand, it can take place inside the farm (non crop production), as illustrated by the practice of breeding activities. On the other hand, it can be done out of the farm (nonfarm diversification), or it consists in the practice of extra agricultural activities defined by opportunities in the labor market. The extra agricultural activities can be informal or formal (related to wage-earning in the public or private). The informal activities are associated to small businesses operated by individuals in a given field (small shop, wood sale, etc), and can thus be compared to micro-enterprises. Consequently, we propose a typology of non agricultural diversification, distinguishing breeding, enterprise and wage-earning activities (see table 1). According to Alderman and Paxson (1994) , the diversification of activities constitutes one of the strategies of risk management used by households with the aim of reducing income variability and guaranteeing an acceptable minimum level of income. In other words, it is a strategy to smooth income (Dercon, 2002) . Barret, Reardon and Webb (2001) , apprehend overall diversification as a form of self-insurance.
Principles of Agricultural Household Behavior Analysis
The standard theory of production predicts a simple optimization behavior under constraint. Precisely we either maximize output subjected to a given level of costs or minimize production costs for a given level of output. Whatever the problem is, the theory reveals that rules of resource allocation and technological choices are identical. They obey the principle of duality. The resources being limited (because their relative availability is subjected to a cost), the producer is brought to use them in an efficient way, i.e. to achieve the highest possible level of output (or being given a fixed level of output, to use the lowest production costs).
However, several criticisms of the theory of profit maximization exist. One can quote the existence of a tradeoff between profit maximization and other objectives of the agricultural households, taking into account of the role of uncertainty (or risk) in the production decisions. Various models express these alternatives to the standard theory (see Mendola, 2007) .
Risk Aversion Models
Two approaches are distinguished: the standard theory of the expected utility (Von Neumann and Morgenstern, 1944) and approaches in terms of the avoidance of catastrophes. According to the normative approach of the expected utility, all things being equal, a risk adverse household prefers a smooth flow of consumption to fluctuating inflows, which -in the contexts of incomplete markets of capital or less developed institutional arrangements-involves the choice of productive activities portfolio with low risk (Morduch, 1994) . Regarding the approaches in terms of the avoidance of catastrophes or "safety first" model, the decision maker is supposed to ensure its own survival and consequently wants to avoid the risk that his/her income falls below a certain minimum subsistence level. However, the link between risk aversion and all gaps relative to economic efficiency is not clearly established because of the intervention of other factors such as market imperfections or constraints to access productive resources (Eswaran and Kotwal, 1989) which allow poor agricultural households to act as if they were risk averse.
Models of Choice under Uncertainty
One of the most important waves of the literature stresses the behavioral responses of the rural households vis-a-vis risk, that is, the ex ante mechanisms of risk management in the contexts where perfect markets do not exist. These constraints, in accessing resources affect the way in which the vulnerable agricultural households decide in connection with the resources allocation (Morduch, 1994) . The ex ante risk management strategies implies that efforts should be made to design risks mitigation measures on risks faced by peasants, by integrating safeguard measures in the process of decision making. This entails adopting a more favorable portfolio of activities in terms of risks but (often) less favorable in terms of profit and efficiency (Morduch, 1994) . There is a broad collection of empirical studies which provide the evidence of the conflict between risks and productive choices, leading to a deterioration of efficiency when safety is crucial (Rosenzweig and Binswanger, 1993; Morduch, 1993; Duflo, 2003) . The results of these studies suggest that vulnerable peasants (and especially those who earn a good living and who have to lose more) will tend to prefer safety or a preserving strategy with low outputs, compared to a risky strategy with potential high outputs.
Models of Choice with Asset Constraints in Entry
These models identify prospects of risk and poverty, to analyze the production decisions of the agricultural household within the framework of efficiency. Thus, in a context of imperfect credit markets (where land can be used as guarantee), the rich farmer with land can easily acquire fertilizers and, if necessary, land and additional labour in order to efficiently use inputs. In addition, households with poor assets cannot enter high risky activities because they do not have enough assets. In order to reduce their income risk, these poor households will enter activities with low risk and poor yield (Eswaran and Kotwal, 1986; . These results are not based on differences in risk preferences. At constant preference level, the poor one selects a portfolio with low risk and poor yield, whereas the rich farmers take a riskier set of activities.
At the end of the theoretical analysis, it has appeared that risk management behavior could be opposed to the pursuit of an objective of efficiency by the farmer. The following steps aim at assessing empirically the relation between informal risk management strategies with efficiency is outlined in the methodological framework.
Methodological Framework
The methodological framework is organized in three points. First, we briefly present the non-parametric DEA method used to estimate efficiency and diversification. Second, we use statistical tools to seek the effect of diversification on efficiency and third, we present the data.
Method of Estimating Efficiency: Non Parametric DEA Approach
This approach based on Farrel (1957)'s idea, is developed by Charnes, Cooper and Rhodos (1978) who invented the expression data envelopment analysis (DEA), meaning a non-parametric method of mathematical programming allowing one to estimate a production frontier. This model of Charnes, Cooper and Rhodos (1978) assumes constant returns to scale (CRS). Later, Banker, Charnes and Cooper (1984) proposed a more general version of the model by admitting varying return to scale (VRS).
The comparison of measures of technical efficiency with CRS and the VRS makes it possible to define a measure of efficiency of scale. The latter is worth 1 when the farm reaches its long run scale of production. This is a situation of competitive equilibrium where the profit is null. If not, it is in an intermediate situation where return to scale can be increasing or decreasing (Banker, Charnes and Cooper, 1984) .
Method of Measuring Diversification
The following table describes empirically the two types of diversifications measured at the farm level (table 2) . The main economic speculation is tomato, potato or plantain.
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Method of Assessing the Effect of Diversification on Technical Efficiency
The evaluation of the determinants of efficiency can be made by several methods. We distinguish the statistical methods (the analysis of correlation variance, mean comparisons tests, restriction tests in the production functions) and the econometric methods. It is advisable within the framework of this research to adopt only the method which best characterizes the nature of the relation between diversification strategies and efficiency. The aim here not being to identify the all determinants of efficiency, the reasonable choice thus relates to the analysis of correlations (Feder, Just and Zilberman, 1985) and the mean comparison tests (Huang and Bagi, 1984; Kaboré, 1996) whose formal aspects are detailed in notes 1 and 2.
Data
Data is obtained from a survey carried out by Minkoua (2010) (24) was not statistically significant, we examined only sales of plantain in the Center. This is same for the potato, whose transactions are analyzed only in the West. Table 3 gives statistical data on the variables used for the estimation of production frontier. It is the quantity produced in local measurement units (bag, basket, bunch), of the land size in hectares devoted to the production, of the volume of work expressed in terms of man/day. Vol. 7, No. 14; These variables are similar to those which are used for the estimate of the agricultural production frontier in less developed countries (see Nyemeck, 1999 for a bibliographical review). It is advisable to describe these various variables that one can distinguish in outputs and inputs.
i. Description of outputs
They are the levels of production in local measurement units of the various cultures obtained by the surveyed producers. The levels of production of tomato (baskets), plantain (bunch) and potato (bags of 100kgs) are rather different between the producers taking into consideration their rather high standard deviation.
ii. Description of inputs
They are the traditional inputs of agricultural production: land, capital and the labour. The input labour is measured as Men/day on the basis of calculation of assets at the level of each family farm. This calculation is based on weights defined by the Food and Agricultural Organization (FAO) where an adult man= 1; an adult woman adult= 0.75 and; a child and an old person= 0.5. Only the permanent family laborers are considered. The descriptive statistics indicate on average relatively low levels of the factor labor whatever the crop.
As for the input capital, it is estimated for the agricultural season considered in each farm. Capital is measured in thousands of francs CFA and is determined by the sum of the expenditure supported in the current year for the purchase of materials and those devoted to the purchase of inputs (manures, products plant health, etc) used in the land plots. The statistics of this variable show levels of investment in capital, on average, in the same order for tomato in the Center, tomato and potato in the West, but relatively low for the plantain.
For the input land, measured in hectares, one observes the use, on average, of small plots in the West while in the center, the producers have relatively large surfaces. The computed values of the standard deviations are weak indicating a quasi similar behavior of surface allocation in each area.
Results and Discussions
The results are declined in two shutters: the first shutter evaluates the levels of efficiency obtained by the farm owners of the studied zones; the second shutter appreciates the effect of the informal risk management strategies, which are crop diversification and the diversification of activities on the levels of efficiency.
Technical Efficiency Levels of Family Farms
The distribution of these levels of efficiency is given in the table 4 under the CRS and VRS assumptions. Business and Management Vol. 7, No. 14; Globally, the median values for technical efficiency under CRS are significantly different, and in particular lower, than the median values for technical efficiency under VRS. Indeed, the Student t-statistics calculated on paired observations indicate a negative value which is lower than the critical value of t (unilateral) for each crop.
It appears for the 111 producers of tomato of the Center that, the mean level of technical efficiency under CRS and VRS are respectively 26% and 34%. In other words, an efficient use of all factors would respectively involve a saving in cost of 74% and 66% at a constant level of production. For tomato producers of the West, the mean level of efficiency under CRS and VRS are respectively 21% and 31%. Regarding plantain producers, it appears that their average level of technical efficiency is 21% and 29% respectively under CRS and VRS. As for the potato owners, the mean level of technical efficiency is 20% and 30% respectively under CRS and VRS.
In addition, the total analysis of the dispersion shows that 25% of the least efficient producers (first quartile), whatever the crop, have a level of technical efficiency lower than 6.35% when admitting CRS. Under the VRS, the 25% the least efficient have a level of technical efficiency lower than 8%. This means that, there are possibilities to increase the level of production by more than 92% for the least efficient producers. With regard to the 25% most efficient (third quartile), they have a technical level of efficiency for both assumptions between 22% and 46%. This implies that the level of production of the latter can be obtained by an optimal reduction of costs around 78% to 54%.
At the end of this statistical assessment on the distribution of the technical efficiency levels of tomato, plantain and potato producers, we cannot prevent ourselves from noticing that there are serious problems of inefficiencies in the various production activities. One counts only 5.66%, 13.21% and 5.66% of producers of plantain who respectively have the best practices (technical efficiency) under CRS and VRS methods, whatever the assumption made on returns to scale. For the potato producers, 4.48%, 17.91% and 4.48% of them have the best practices under CRS and VRS methods, whatever the assumption made on returns to scale. As for the tomato farms in the Center, it appears that 7.21%, 16.22% and 7.21% of producers respectively present the best practices under CRS and VRS methods, whatever the assumption made on returns to scale. Whereas for tomato producers from the West, 3.76%, 12.78% and 3.76% among them respectively appear technically efficient under CRS and VRS methods, whatever the assumption made on returns to scale. It is thus advisable to explain such low performance levels. These low levels of inefficiency of perishable food crop, rather lower than those of storable food crop (Nyemeck et al, 2004) , can be explained by a weak use of chemical fertilizers (Nkamleu and Adesina, 2000) , or linked to a bad use of inputs (Nyemeck and Nkamleu, 2006) , which constitute strong constraints for the rather demanding market-gardening productions in treatment in the plots. Table 5 shows coefficients of Pearson's correlation between the levels of efficiency under CRS and VRS respectively and strategies adopted by the producers. Vol. 7, No. 14; The analysis of results in table 5 can be carried out in relation to each type of diversification. When compared to crop diversification, we note a negative correlation between levels of diversification and efficiency of the producers under CRS and VRS. However, one observes an ambiguity for the tomato producers in the Center, where one can note a negative correlation (coefficient of Pearson= -0.026) under VRS, but a positive (coefficient of Pearson=0.041) under CRS, between efficiency and crop diversification. However, these coefficients are not significant. The negative correlation between crop diversification and efficiency is significantly confirmed at a threshold of 5% with the plantain producers at a Pearson coefficient levels equal to -0.292 and -0.260 respectively under CRS and VRS. This finding specific to plantain can be related to Nkendah (2000) who finds that farming systems in which plantain seems to be the main crop, are more efficient than farming systems in which plantain is indifferently associated with other food crops.
Appreciation of the Effect of Diversification Strategies on Efficiency
As for the correlation between the diversification of activities and the efficiency of producers, one observes that it is rather weak, negative for most producers who carry out a secondary activity (9 over 16 cases, and non significant under CRS and VRS. This result suggests that there is a complete disconnection between the practice of other activities and the technical level of efficiency carried out in the family farm. It also confirms the prevailing psychology where the producers attempting to practice diversification, because of existence of entry costs (Dercon, 2002) , perceive diversification as a means to meet family needs rather than an opportunity to adopt better practices. However it is interesting to know if there is efficiency between the producers who have distinct secondary activities. Table 6 compares using Student's t, levels of efficiency carried out according to the type of activity practiced by the producers. The results of table 6 confirm the analysis of the preceding correlation, because the means difference test does not indicate any significant difference between the levels of efficiency obtained under distinct types of activity. The exception is made, however, with the tomato owners in the Center for which a significant difference of levels of efficiency between producers who have no activity of diversification and those who in addition to farming practice breeding and between the producers who practice the breeding and those which carry out external family farm activities. In particular, the student t-statistics for a unilateral test show that the mean efficiency of tomato producers in the Center who do not have any secondary activity is significantly higher than the average efficiency of the producing stockbreeders under CRS and VRS (t Student respectively equal to 2.761 and 3.319 under CRS and VRS). In the same way the producer/stockbreeders appear less powerful than those who practice other external farm activities under CRS and VRS (t Student respectively equal to -2.382 and -2.754 under CRS and VRS). The test also states that tomato producers in the Center without any secondary activity are significantly as powerful as the producers who have an external farm activity.
Conclusion
At the end of this research, it is advisable to point out the lesson that can be drawn from the analysis of the linkage between the informal risk management strategies and the individual performances of farmers.
The results obtained on the levels of efficiency showed that the farmers are characterized by a substantial technical inefficiency, whatever the assumption on returns to scale. Thus, it appears that there is a gap of considerable inefficiencies between the average producer and the perfectly efficient producer. In addition, the results indicated a negative correlation between the levels of efficiency and agricultural diversification (at a 5% level significance for the producers of plantain). This negative correlation is also observed between levels of efficiency and most practiced types of secondary activities. However, it is non significant. The test of means difference does not indicate a significant difference in efficiency between various types of activity of diversification, except for the case of the tomato producers in the Center region. In this region, producers who do not diversify their activities prove to be more efficient.
Broadly, these results confirm the theoretical predictions: the strategies of informal risk management, such as agricultural diversification and the diversification of activities penalize the technical efficiency of producers' agricultural if they give priority to safety. A focus should be made on the implementation of more formal risk management tools and the diffusion of production techniques enabling food crop producers to improve their levels of efficiency.
